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Abstract 
Waste printed circuit boards (WPCBs), which have lots of highly valuable components and toxic substances, are important 
subjects for disposal of waste electric and electronic equipment (WEEE). Nowadays material recycling and components reusing 
are still the main disposal methods of WPCBs. Increased crushing-sorting separation technology to extract valuable metals from 
WPCBs usually produce large amounts of resin powder which result in seriously secondary pollution. The study aims to the 
disassembly acceleration and separation of components without damage on WPCBs. The components reuse-oriented disassembly 
technology is studied, in which the key technologies of leaching and sealing-off. Fluoboric acid/ Hydrogen peroxide leaching 
system is discussed in detailed including solution concentration, reaction time and metal leaching rate.  The experiments realize 
the dismantling of WPCBs by selectively dissolve solder and offer a new way to recycle valuable materials from WPCBs and 
prevent the environmental pollution effectively. 
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1. Introduction 
Increasing development of modern technological life requires equipments and technology improving daily. In 
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China the amount of printed circuit boards (PCBs) reach about 2.1 billion tons in 2013. In addition, the scrap rate as 
high as 15-20 percent [1].  With rapid innovations, there has been an increase in production of electronic equipment 
that ends up generating waste PCBs reaching to 230,000 tons every year and resulting in greatly increasing the 
volume of the waste in dumps and landfills [1]. 
PCBs are employed in most of the electronic equipments to mechanically support and electrically connect 
electronic components using conductive pathways. The solder material containing lead and tin is employed to 
connect different electronic components on the surface of PCBs. Apart from the solder materials, PCBs contain 
several metals of interest like Au, Ag, Pt, etc. and also some valuable base metals like Cu, Al, Fe, etc. and other 
materials viz. PVC plastics, heavy metals and brominated flame retardants (BFR). Average metallic analysis of a 
personal computer's PCB was found to contain 20.13% Cu, 3.59% Al, 2.78% Zn, 2.10% Pb, 3.27% Sn, 7.19% Fe 
and 0.66% Ni [2]. These metals are not harmful in solid form but when they come in contact with different liquid 
waste/sewage, hazardous solution is generated which seeps into the soil resulting in the contamination of water, 
plants as well as affect the human organs causing hormonal/genetic disorders. Therefore, the recovery of metals, 
particularly lead, from WPCBs is essential to avoid the environmental pollution. 
Among electronic equipments, one of the main components to which have an effective solution to reuse and 
recycle has not yet been found is WPCBs [3]. One of the main difficulties is the separation of components and 
materials, due to their diversity. To separate the electronic components and reuse the materials, it is necessary to 
remove them from the solder, which is a complex process, and it often has not realized high efficiency and 
environment -friendly technology.  
Currently, there are a lot of techniques of recycling WPCBs in the world. Researchers have proposed many 
methods including physical and mechanical separation technology, pyrometallurgical method, hydrometallurgical 
processing, bio-technology, microwave treatment and supercritical fluid technology to recycle WPCBs from 
different point of view. However, “mechanical crushing +hydrometallurgical” processing is still the most 
competitive technology for waste PCBs recycling, and it is the most commonly used technology to recycle PCBs 
abroad [4]. While the recovery of metals, particularly lead, from PCBs is essential to avoid the environmental 
pollution. The traditional pyrometallurgical process of recycling need different treatments at high temperature: 
incineration, melting etc., which also cost highly on investment with atmospheric pollution problem [5,6]. 
Nowadays metal recovery techniques are more and more significant, which cost effective and develop environment-
friendly. In past study, a leaching technology developed, which selectively dissolve solder for dismantling of 
electronics from PCBs. Lead dissolution reached to 80% with Nitric acid [7]. A present study focuses on the 
selective leaching of lead from the soldering material present on the outer layer i.e. epoxy resin of WPCBs, With 0.2 
M Nitric acid and temperature 90 °C, 99.99% lead was leached in 120 min [8]. The efforts are made to develop an 
eco-friendly process in comparison to other available recycling processes.  
The purpose of this paper is to develop a clean and environment-friendly technology for dismantling WPCBs not 
only reducing the difficulties of the subsequent treatment, but also improving the resource utilization and reduction 
of environmental pollution. We develop a leachant contains fluoroboric acid and hydrogen peroxide. In the study of 
the dismantling technology, we set the metal leaching rate as the evaluation index and analyze the influence of 
fluoroboric acid, hydrogen peroxide concentration and reaction time on the dissolution rate of lead, tin and copper. 
The experiments realize the dismantling of WPCBs by selectively dissolve solder. 
2. Experimental section 
2.1. Materials and sample preparation 
Fluoboric acid (HBF4, 48%ˈAR), Hydrogen peroxide (H2O2,30%,AR), Nitric acid (69.8%,AR), Multi-Element 
Standard (1000mg/LˈAgǃAlǃAsǃBǃBaǃBeǃCaǃCdǃCoǃCrǃCuǃFeǃMgǃMnǃMoǃNaǃNiǃ
PbǃSbǃTiǃTlǃVǃZnǃKǃSi˅ 
The WPCBs are custom-made to make sure the difference among the samples is small so that the little 
differences wouldn’t have big effects on the experimental results.  
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2.2 Evaluation index 
The total amount of each metal concentration (copper, tin and lead) will be calculated in Eqs.(1): 
                         
n
vc
m
n
i
i¦
 
uu
 1
0
0
n
25
…………………………….(1) 
 
m0: A metal total amount of PCB sample˗ci: Sample concentration (mg/L)˗V0:Extraction solvent (L)˗
n:Sample numbers. 
 
The leaching rate of lead and tin in solder are the most important index to evaluate the dismantling effect of the 
leachant. The evaluation equationsare presented in Eqs. (2). 
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In the equation where m is the total mass of metals (mg); m0 is the dissolved mass of metals (mg).  
2.3 WPCBs samples analysis 
All the experiments are carried out in a batch of 500 mL glass beaker placed 6 WPCBs samples within 250ml 
aqua regia to dissolve metal materials absolutely in one hour. We transfer 1ml of this solution to 25ml-cuvette, with 
2% concentration of nitric acid solution to volume. Metal concentration of the digested solutions will be analyzed by 
Inductively Coupled Plasma -Atomic Eemission Spectrometry (ICP-AES, Thermo Scientific, iCAP 6300). 
The total amount of metal concentration of Pb, Sn and Cu is 83.68mg, 123.59 mg and 6.52 mg respectively 
calculated by Eqs.(1). 
3. Results and Discussions 
3.1 Effect of H2O2 dosage 
The concentrations of H2O2 ranging from 0 to 1.0 mol/L are examined. We choose the concentration of HBF4 as 
invariant concentration of 3.0mol/L according to the concentration and reaction time of acid. Fig.1 presents the 
metal leaching rates with the variation of hydrogen peroxide and different reaction time. It can be seen the leaching 
rates of copper, lead and tin increase with the increasing H2O2 concentration. Reaction times are 15min, 25min and 
35min respectively. When the concentration of H2O2 is high than 0.6 mol/L, the leaching rate of solder begins to 
decrease. Meanwhile the leaching rate of copper increases gradually. When the concentration of H2O2 is between 0.4 
and 0.6 mol/L and reaction time is 35 min, almost 100% solder are dissolved. On the other hand the leaching rate of 
copper is only less than 6% when no more than 0.4 mol/L H2O2 added, which could be negligible relative to much 
more leaching of the solder. Therefore, according to experiments 0.4 mol/L H2O2 can be regarded as the optimum 
condition. 
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Fig. 1 Effect of metal leaching rate by H2O2 concentration of different reaction time (a)15min;  (b)25min; (c)35min. 
3.2 Effect of fluoboric acid concentration 
The effect of f HBF4 concentration on metal leaching rate is shown in Fig.2. Within different reaction time the 
leaching concentrations of metals increase gradually with the increase of HBF4 concentration ranging from 1.5mol/L 
to 2.5 mol/L.  When HBF4 concentration is 1.5mol/L and reaction time is 15min, the leaching rates of tin and lead 
are 7.3% and 9.6% respectively. When HBF4 concentration reaches to 3.5mol/L, the leaching rates of tin and lead 
are 48.8% and 58.5%. Meanwhile the dissolution of copper increases slowly and the max leaching value is only 
5.2%. It shows that with the increasing concentration of HBF4, the weld still remains. Almost copper base still 
covers by solder. With the increasing reaction time to 25mins and HBF4 concentration up to 2.5mol/L, the metal 
leaching rate increases obviously.  The max leaching rates of tin, lead and copper are 79.6%ǃ83.3% and 9.9% 
respectively with the acid concentration of 3.5mlo/L. It can be seen that parts of solder are dissolved and a few 
electronic components left. When the reaction time reaches to 35mins with 2.5mol/L acid concentration, leaching 
rates of tin and lead are 103.1% and 101.2%. When the concentration of HBF4 is more than 2.5 mol/L and the 
reaction time is 35 min, almost all the tin and lead in the solder is removed from the WPCBs, at the same time the 
leaching rate of copper is also unexpectedly increasing. However, the total dissolution rate of copper is less than 
15% when 2.5 mol/L HBF4 is added after the reaction of 35 min, which can be regarded as a negligible effect on the 
dismantling of electronic components from WPCBs. The solder of PCBs dissolves completely allowing for the 
errors possibly existing in the experiments. When HBF4 concentration is over 2.5mol/L, the leaching rates of lead 
and tin both increase to 100% gradually. It shows that the solder dissolve completely with the shedding of electronic 
components. At this point the leaching rate of copper is 15%, which shows that relatively large amount copper 
dissolves. With the increase of HBF4 concentration, the max leaching rate of copper as high as 19.3%. Allowing for 
controlling the dissolution of copper and inducing the dissolution of solder, the suitable acid concentration ranges 
from 25.mol/L to 3.0mlo/L. 
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Fig.2 Effect of metal leaching rate by HBF4 concentration of different reaction time (a)15min;  (b)25min; (c)35min. 
4. Conclusions 
The dosage of H2O2 has an obvious influence on the leaching metal of WPCBs. When HBF4 is used as extraction 
solvent, H2O2 is selected as oxident to induce the dissolution of solder completely. The influences of added oxidants, 
hydrogen peroxide dosage, acid concentration, and reaction time on leaching of tin, lead, and copper are examined. 
When less than  0.4mol/L H2O2, the leaching rates of tin and lead increase with increasing the H2O2 dosage. When 
0.4~0.6 mol/L H2O2 is added, almost all the solder are dissolved. When concentration of H2O2 continues to increase, 
the leaching rates of tin and lead decrease obviously. Therefore, 0.4mol/L of H2O2 could be optimum concentration. 
HBF4 concentration has an obvious influence on leaching rate.  With the range from 1.5mol/L to 3.5mol/L, the metal 
leaching rate increases. Within 35 min the exaction solvent up to 2.0mol/L realizes the dissolution of solder 
completely and desoldering electronic components. And if HBF4 concentration is too high, it will result in leaching 
a small amount of copper. Therefore 2.5mol/L HBF4 could be optimum concentration. Leaching technologies 
mentioned above are technically feasible. This technology offers a recovery way to recycle valuable materials from 
WPCBs and prevent the environmental pollution of WPCBs effectively and the components reuse-oriented 
disassembly technology. 
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